Experimental procedures

Materials and reagents
The multi-walled carbon nanotubes (CNT) used were Baytubes C 150 HP obtained from Bayer Materials Science (BET area 200 m 2 /g, pore volume 1.2 cm 3 /g, [1] grain size 100-600 µm). Nitric acid (65 wt.%), HCl (fuming), aqueous NH3 (28-30 wt.%) and NaOH were purchased from Merck (Emsure, p.a.); urea (p.a.), KCl (p.a.) and trans-cinnamaldehyde (99%) from Acros; NaBH4 and aqueous formaldehyde (37 wt.%, stabilized with methanol) from Sigma Aldrich. Biphenyl (99%) and an aqueous (NH3)4Pd(NO3)2 solution containing 4.6 wt.% Pd (50 g L -1 Pd) were acquired from Alfa Aesar. 2-propanol (LC-MS CHROMASOLV) was bought from Honeywell Riedel-de Haën.
Carbon support pre-treatment
The carbon nanotubes were used after functionalization by liquid phase oxidation. This functionalization treatment was performed by refluxing 4 g CNT in 150 mL boiling 65 wt.% nitric acid for 1.5 h. Afterwards, the functionalized CNT were obtained from the reaction mixture by filtration and washing thoroughly with demineralized water. Next, the sample was dried in an oven at 120 °C in static air for at least 16 h. The amount of acidic functional groups was determined by titration to be 0.70 mmol g -1 . This is slightly higher than the amount of acidic groups in the same carbon nanotubes treated by HNO3 vapor. [1] 
Incipient wetness impregnation
In dynamic vacuum, a 0.4 g sample of functionalized was heated to about 150 °C for 2 h and then allowed to cool down. Then, the sample was impregnated by adding 0.46 mL aqueous (NH3)4Pd(NO3)2 drop wise from a syringe, mixing by gentle agitation. The sample was transferred to a glass plug flow reactor and then heated to 100 °C for 2 h and 500 °C for another 2 h in a N2 flow (100 mL min -1 ) using a temperature ramp of 5 °C min -1 .
Deposition precipitation
The procedure for deposition precipitation (DP) was based on a literature procedure. [2] 0.4 g functionalized CNT was suspended in 120 mL demineralized water in a double-walled thermostated vessel (250 mL) fitted with a gel-filled pH electrode (VWR) and a temperature sensor. The vessel was closed with a lid with a small opening (< 1 mm) to avoid excessive evaporation and pressure build-up. While stirring at 300 rpm with a 30x10 mm cross-shaped magnetic bar, the suspension was acidified to pH 3.0 using HNO3 (aq). 20 mg Pd was added from the aqueous (NH3)4Pd(NO3)2 solution, followed by 42 mg urea. To decompose the urea, the temperature of the reaction mixture was then increased and kept at 90 °C for 21 h (final pH 6.2). Afterwards, the sample was filtered and washed 5 times using demineralized water and a Büchner funnel and then transferred to a glass plug flow reactor and heated to 100 °C for 2 h and 500 °C for another 2 h in a N2 flow (100 mL min 
Ion adsorption
The ion adsorption (IA) procedure was based on a literature procedure. [3] 0.4 g functionalized CNT was suspended in 90 mL demineralized water in a round-bottom flask, stirring magnetically. For some of the samples, air was excluded by continuously bubbling N₂ through the reaction mixture. The pH was adjusted to 10.3 using 28-30 wt.% NH3 (aq) aiming at a net negatively charged surface, and then allowed to equilibrate for at least 2 h. Then, aqueous (NH3)4Pd(NO3)2 was added, equivalent to a Pd loading of 5 wt.%, and the mixtures were stirred for another 24 h. The reduction to metallic Pd was carried out either in liquid phase or by a thermal treatment in N2.
Liquid phase reduction For the liquid phase reduction, excess amounts of aqueous formaldehyde (HCHO:Pd 2+ = 60 mol/mol, 60-fold excess if formaldehyde oxidized to formic acid) or freshly prepared aqueous NaBH4 (BH4 − :Pd 2+ = 0.5 mol/mol, 2-fold excess if BH4 − oxidized to B(OH)4 − ) were added.
The addition of the reducing agent was performed either at room temperature or elevated temperature (formaldehyde) or decreased temperature by cooling on ice (NaBH4). Also, the addition speed was varied. Addition was performed either instantly or slowly. For the slow addition, the reducing agent solution was generally added through a flexible tube below the reaction mixture surface in 12 min by a syringe pump.
After adding formaldehyde, the reaction mixture was heated to 80 °C for 1 h; in case of reduction by NaBH4 the reaction mixture was stirred at room temperature for 1 h.
The samples were 5 times washed and filtered using demineralized water and a Büchner funnel and transferred to a glass plug flow reactor. The samples were then dried at 100 °C for 4 h in flowing N2 (100 mL min
) using a temperature ramp of 5 °C min -1 .
Thermal treatment
The samples were 5 times washed and filtered using demineralized water and a Büchner funnel and transferred to a glass plug flow reactor. The samples were then dried at 100 °C for 2 h and subsequently treated at 500 °C for 2 h in a 100 mL min -1 N2 flow using a temperature ramp of 5 °C min 
Characterization Support functional groups
The amount of acidic functional groups on the support surface was determined by performing potentiometric titrations. [1] 30 mL 0.1 M KCl (aq) was added to 25 mg crushed sample. KCl was used to increase the conductivity of the suspension. Next, the sample was ultrasonically dispersed for 30 minutes, to assist the water to enter the pores and measure the influence of all acidic functional groups on the surface. Titration was performed using a Radiometer Analytical TIM880 setup, stirring and flushing with N2 continuously. Another 35 mL of 0.1 M KCl (aq) was added for the pH electrode to be fully immersed. Next, the sample was titrated using a 0.01 M NaOH/0.1 M KCl solution as titrant until the pH of the mixture reached 9. The amount of titrant at the inflection point (equal to the amount of acidic groups) was determined by numerically calculating the first derivative of the titration curve and then applying a second degree polynomial fit ( = 2 + + ) around the maximum (typically around pH 7), finding the volume of titrant at the inflection point by calculating = − /2 .
TEM
TEM and high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) imaging were performed on an FEI Talos F200X transmission electron microscope, operated at 200 kV and equipped with a high-brightness field emission gun (X-FEG) or on a FEI Tecnai 20 FEG instrument, operated at 200 kV. Pd particle size distributions were determined by manually measuring hundreds of nanoparticles.
XRD X-ray diffraction was performed on a Bruker D2 PHASER using Co Kα radiation ( = 1.789 Å). Diffractograms were measured from 10° to 80° 2θ in 0.1° increments. The Pd(111) reflection overlaps with a signal from the carbon support, so peaks had to be deconvoluted to calculate the crystallite size. Peaks were fitted using the First Principles peak type and volume weighted mean column lengths calculated from the integral breadths (Lvol-IB) are reported as crystallite sizes for the (111) diffraction line at 46.9° 2θ, calculated using the double-Voigt approach in Bruker Topas software. The shape factor K was fixed at 1.
H2 chemisorption
H2 chemisorption measurements were performed on a Micromeritics ASAP 2020C instrument. Samples were reduced at 90 °C in flowing H₂ for 1 h and subsequently evacuated at 150 °C. The H2 uptake was measured at 90 °C. To account for bulk hydride formation in particles larger than 1 nm at higher pressure (~200 mbar and up), logarithmic fits were applied to the data points up to 150 mbar. The fits were then linearly extrapolated from 230 mbar to 0 mbar, the hydrogen uptake at 0 mbar being half the amount of surface Pd atoms (assuming an H:Pd stoichiometry of 1). For the calculation of particle sizes (hemi)spherical particles and an atomic cross section of Pd of 0.0787 nm 2 were assumed. A blank measurement on the functionalized CNT support material (no Pd) showed no H2 uptake.
ICP
Inductively coupled plasma-optical emission spectroscopy (ICP-OES) measurements were performed with a SPECTRO ARCOS ICP-OES instrument after aqua regia extraction of the samples.
Catalytic tests
Samples were tested for the hydrogenation of cinnamaldehyde in an Autoclave Engineers batch reactor system fitted with a separate vessel that was used for preheating and pressurizing the reagent. The separate vessel allowed a well-defined reaction starting time by injecting the reagent to a heated and pressurized reactor. The catalyst (30 mg, used as-is) and 60 mL 2-propanol were loaded in the reactor; 1.6 g trans-cinnamaldehyde, 60 mg biphenyl and 1.5 g demineralized water dissolved in 27 g 2-propanol was loaded in the separate vessel. Reactor and vessel were heated to 60 °C while flushing with N2 and were then pressurized with H2 to 15 bar (reactor) and 25 bar (vessel). Then the contents of the vessel were released into the reactor. The reactor was kept at 60 °C and 20 bar H2 pressure (flowing at 100 mLN min -1 ) for 3-4 h. 0.5 mL liquid samples were taken from the reaction mixture at selected intervals and analyzed by gas chromatography (Shimadzu GC-2010 fitted with an Agilent CP-Wax 57 CB column).
Results
Table S1 Catalyst characterization summary. 
Metal
Heat-treated catalysts
Figure S1 Representative high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images and corresponding particle size distribution of Pd/CNT catalysts prepared by a) ion adsorption, b) incipient wetness impregnation and c) homogeneous deposition precipitation followed by a 500 °C N2 heat treatment.
NaBH4-reduced catalysts
Figure S2 Representative high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images of Pd/CNT catalysts prepared by ion adsorption followed by a reduction by a) instant addition of NaBH4 at room temperature under air, b) instant addition of NaBH4 at room temperature under N2, c) instant addition of NaBH4 at 2 °C under air, d) addition of NaBH4 over 12 min at room temperature under N2, e) addition of NaBH4 over 12 min at room temperature under air at pH 11, f) instant addition of an excess of NaBH4 (NaBH4:Pd molar ratio 2.2) at room temperature under air, g) instant addition of a small amount of NaBH4 (NaBH4:Pd molar ratio 0.14) at room temperature under air. Figure S4 Catalytic performance of the N2-activated catalyst (top), the sodium borohydride-reduced catalyst (for which the sodium borohydride was added at room temperature under air over 12 min) (middle) and the formaldehyde-reduced catalyst (for which the formaldehyde was added at room temperature under N2) (bottom). Amounts of Pd used: formaldehyde-reduced 0.99 mg; N2-activated 1.06 mg; NaBH4-reduced 1.36 mg. Figure S6 Representative high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images and corresponding particle size distribution of the spent a) N2-activated catalyst, b) sodium borohydride-reduced catalyst (for which the sodium borohydride was added at room temperature under air over 12 min) and c) formaldehyde-reduced catalyst (for which the formaldehyde was added at room temperature under N2).
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